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BACKGROUND

“DEVELOPMENT OF AUTOMATED RENDEZVOUS AND PROXIMITY
OPERATIONS TECHNIQUES FOR RENDEZVOUS AND CLOSE-IN
OPERATIONS AND SATELLITE SERVICING"

TYPE: RTOP

OBJECTIVES: TO DEVELOP FREEFLYER AND ORBITER FLIGHT PROFILES
" AND RECOMMEND HARDWARE/SOFTWARE REQUIREMENTS
THAT WILL PROVIDE AN AUTOMATED RENDEZVOUS,
STATION KEEPING, AND DOCKING CAPABILITY
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TEN YEAR TRAFFIC MODEL

* A SURVEY OF THE MOST LIKELY RENDEZVOUS TARGETS WAS CONDUCTED
USING GRUMMAN’S “SATELLITE AND SERVICES USER MODEL.”

- INPUT DATA FOR DEVELOPING THE SATELLITE USER MODEL INCLUDED:

- NASA 5 YEAR PLAN (1981 - 1985)

- STS FLIGHT ASSIGNMENT BASELINE

- BATTELLE LOW ENERGY MISSION MODEL

- FUTURE PLANNING DOCUMENTS (LSTA, 0SS, ETC)
- OAST SPACE SYSTEMS TECHNOLOGY MODEL

- DOD MISSION CATALOG

- NORAD SPACECRAFT IDENTIFICATION LISTING -

« ALTHOUGH THE MODEL CONTAINS 4 CLASSES OF SATELLITES, ONLY

2 CLASSES WERE USED IN LINCOM’S SURVEY:
1) APPROVED AND FUNDED VEHICLES (A)
2) VEHICLES PLANNED FOR START IN NEXT 5 YEARS (P)
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RENDEZVOUS TRAFFIC
SUMMARY TABLE

FUR LEQ

YEAR APPROVED | PLANNED || TOTAL ]| PROPULSION
1983 1 1 2 1
1984 1 1 2 2
1985 3 - 3 -
1986 5 2 7 5
1987 3 7 13 7
1988 4 14 18 10
1989 4 14 18 9
1990 2 19 21 13
| 1991° 5 15 20 11
| 1992 3 10 13 7
TOTAL - 34 83 117 A5
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TARGET VEHICLE REQUIREMENTS

* REPRESENTS A LARGE CLASS OF SIMILAR TARGET VEHICLES
* ACTIVE ATTITUDE CONTROL SYSTEM
+ PASSIVELY COOPERATIVE

- REQUIRED RETRIEVAL COMPONENTS IMPLEMENTED PRIOR
TO LAUNCH
ﬁgAL COMPONENTS ARE EXTERNAL TO SATELLITE

EVAL COMPONENTS REQUIRE ONLY A PHYSICAL ATTACH

* FIRM RENDEZVOUS REQUIREMENT

TARGET VEHICLES SELECTED

* LEO - LANDSAT/MMS
* HEO - GPS (NO RENDEZVOUS REQUIREMENT)
* GEO - TDRSS (NO RENDEZVOUS REQUIREMENT)
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ACTIVE VEHICLES
- TELEOPERATOR MANEUVERING SYSTEM (TMS)/VOUGHT
- ORBITAL TRANSFER VEHICLE (OTV)/BOEING/GENERAL DYNAMICS
- MANNED ORBITAL TRANSFER VEHICLE (MOTV)/GRUMMAN
- MANEUVERABLE TELEVISION SYSTEM (MTV)/JSC/LOCKHEED
- SPACE PLANE/USAF/SRI

)20
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SOFT DOCKING SYSTEM

. [ ] . L] L[]
worr» X0— mr— OXr o>

"SOFT DOCKING” SYSTEM IS REQUIRED FOR
OCKING OPERATIONS

“SOFT DOCKING* SYSTEM REQUIRES ZERO VELOCITY TO EFFECT
APTURE

HE RMS SNARE TYPE END EFFECTOR IS AN EXAMPLE OF A

IGHT WEIGHT SOFT DOCKING SYSTEM
HE SOFT DOCKING SYSTEM WILL “DRIVE” THE DOCKING SENSOR
EQUIREMENTS

PRELIMINARY SET OF SOFT DOCKING SYSTEM REQUIREMENTS WERE
ENERATED BY JIM JONES/JSC/EW4 AND EARL CRUM/JSC/EW4 IN
UPPORT OF THIS STUDY
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G&C SENSORS

* ACCELEROMETERS
* GYROS

- WHEELS

- LASERS -

ORIGINAL PACE IS
OF POOR QUALITY

SER TICALLY
RAL R A
P-D0O A PLA
SUPERIOR RELIABILITY
NO MOVING PARTS
LOWER UNIT COST

LEAST OPERATIONALLY COMPLEX

ICA OFFERS

OVE STANDARD
LED TFORM IRU:
1)
2)
3)

4)

123



AUTOMATED CLOSE-IN CONTROL TECHNIQUE

ROTATION - ROTATION DAP - RCS
TRANSLATION - TRANSLATION DAP - RCS

ROTATION ALWAYS LEADS TRANSLATION
EXAMPLES
- V STATIONKEEPING
= FLYAROUND
- FINAL APPROACH
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ORIGINAL PAGE 1S
OF POOR QU ALITY

AUTOMATED SCENARI 0S

 REFRENCE MISSIONS

- DELIVERY
RETRIEVAL
SERVICING
REMOVAL
TRANSFER

. %;aE EETRPERATI(O)NS - COMMON OPERATIONS CAN BE USED
T L et sl et
REEE?%@%YOEET 0%0% ODEE & C l8 S 18 ﬁ

- RNDZ MANEUVER TARGETING

- MANEUVER EXECUTE

- COAST

- BRAKING

- STATION KEEPING

- FLYAROUND

- FINAL APPROACH

- DOCKING -

- SEPARATION
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0
N
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h
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A “SEQUENCER* IS REQUIRED TO:

1) PERFORM PREPLANNED SEQUENCE OF MAJOR MODE
TRANSITIONS

2) ENSURE PROPER DATA TRANSFER AND INITIALIZATION
BETWEEN MAJOR MODE TRANSITIONS

3) ASSEMBLE NECESSARY HARDWARE/SOFTWARE SYSTEMS
4) PROVIDE FOR THE MAN/MACHINE INTERFACE

! SOME SOFTWARE NOTES . . .

- ANY GIVEN MISSION WOULD CONSIST OF A SUBSET OF THE ABOVE
MAJOR MODES

« ALL CURRENT AND CONCEIVE
E PERFORMED WITH TH

FOR THE

" FOLLOWING IS A SELECTED SYSTEM DIAGRAM AS AN EXAMPLE.,
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« RESULTS OF MAJOR MODES CONCEPT . . .

- EASILY IDENTIFIES THE SPECIFIC ITEMS THAT NEED TO BE
WORKED, BOTH HARDWARE AND SOTWARE, AS A FUNCTION OF
MISSION PHASE.

- PROVIDES OVERALL SYSTEM DEFINITION

- SERVES AS A FRAMEWORK FOR ORGANIZING DETAILED SYSTEM
REQUIREMENTS
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TIMELINE EXAMPLE
AUTOMATED PROXIMITY OPERATIONS
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/ ORIGINAL PAGE 18
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CONCLUSTONS

 ALTHOUGH THE U.S. HAS NEVER PERFORMED AN AUTOMATED
RENDEZVOUS AND DOCKING, MOST OF THE "PIECES” REQUIRED
TO BUILD AN AUTOMATED SYSTEM CURENTLY EXIST.

MAJOR EXCEPTIONS ARE:

- CLOSE IN REL ATT SENSOR SYSTEM

- CLOSE IN REL PQS SENSOR SYSTEM

- TRANSLATION DAP SOFTWARE

- SEQUENCER SOFTWARE

- SOFT DOCKING SYSTEM .
AUTOMATED -RENDEZVOUS TECHNIQUES AND OPERATIONS ARE
GENERIC IN NATURE AND APPLICABLE TO MANNED AS WELL AS
UNMANNED SYSTEMS
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